Abstract -In this paper: the robust stabili@problem for a class of uncertain two-time-scale neutral systems subject to unstructured perturbations is investigated. The properties of H , -norm are used throughout this paper to derive the robust stabilify criterion. A frequency-domain delay-dependen! criterion for the asymptotic stability of the slow neutral subsystem and the fast subsystem of the nominal two-time-scale neutral system is j r s t presented. Under the condition that the slow neutral and fast subsystems of the nominal system are both asymptotically stable, we then propose the allowable bounds for the system uncertainties such that the slow neutral subsystem and the fast subsystem of the original uncertain two-time-scale neutral system are both asymptotically stable. Finalb a stability bound E* of the small parameter E is given such that the original uncertain two-time-scale neutral system is asymptotically stable for any E E (0, E . ) .
Introduction
It is well h o m that any engineering system inevitably contains some uncertainties, which may arise from modeling errors, linearization approximations etc [19] . Moreover, the stability problem of time-delay systems has been explored over the years because the time delay is commonly cncountered in various engineering systems. Its existence may produce undesirable system responses. Therefore, the robust stability problem of uncertain time-delay systems has been a main concem of the researchers over the years [13] [14] 211 and the references therein. On the other hand, many physical systems can be investigated by neutral delay-differential systems [l 11; see, for example, automatic control [8], and circuit theory [2] . Logemann and Pandolfi [IS] presented frequency-domain characterizations of exponential stability and stabilizability of neutral systems based on transfer-function matrices and the solutions of Bezout equations. Chen [3] proposed a computation-oriented method for computing the maximal delay intervals over which the neutral systems under consideration maintain stability. Logemann and Townley [I61 showed that the closed-loop stability of a neutral system with unstable open-loop difference operator obtained by applying a derivative feedback scheme to arbitrarily small time delays in the feedback loop. Arino and Nosov [ 11 proposed a pattern equation method to study the stability and estimation of stability domain for a class of nonlinear integro-difference equations, which coincided the special class of neutral functional differential equations. Mahmoud [17] investigated the problems of robust H , control for a class of uncertain neutral system with norm-bounded uncertain parameters and unknown constant state delay. Clarkson and Goodall [7] investigated the problem of stabilizing a class of imperfectly known nonlinear neutral-type time-delay systems based on Lyapunov-Krasovskii functional. The asymptotic stability of a class of neutral systems with multiple discrete and distributed delays was guaranteed by using a linear matrix inequality (LMI) approach [4] . Some delay-dependent stability criteria were proposed in terms of a model transformation of the neutral linear system [18] . Some delay-dependent and delay-independent stability criteria were proposed for neutraI systems wifh discrete and distributed delays based on a model transformation and a corresponding Lyapunov-Krasovskii functional [9] .
Most practical systems contain some small parameters such as capacitances, small time constants, masses, etc. These small parameters tend to increase the order of the dynamic systems and then complicate the system analysis. Fortunately, singular perturbation method provides us with a powerful tool for the order reduction and separation of time scales. Singularly perturbed systems have been studied by many researchers in recent years; see, for example, Kokotovic et al. [12] , Chen et al. , and the references therein. According to the analysis of singularly perturbed systems, we will extend the stability analysis of singularly perturbed systems to a class of two-time-scale neutral system with multiple time delays.
Similar to the derivation of singularly perturbed systems, a key to the analysis of two-time-scale neutral system lies in the consauction of the slow neutral subsystem and fast subsystems. If the slow neutral subsystem and fast subsystem are both stable, the stability of the original neutral system can be guaranteed when the positive scalar 6 of the system is sufficiently small. Therefore, it is important to find an upper bound of the small positive scalar E such that stability of the original system can be obtainedas 
~, ( r ) =~A , x , ( t -h , ) +~B , z , ( t -h , ) +~C i x , ( t -h , ) ,

Problem formulation
For convenience, we defme some notation that will be used throughout this paper as follows: 
~( s ) E F,.
multiple time-delay neutral system:
i ( t ) = E A ) x ( t -h , ) + x B j z ( t -h i ) + x C j i ( t -h i ) ,
= ~( s ) is analytic in c,.
Consider the following nominal two-time-scale
;io i=O where I([) and z ( t ) are assumed to be functions .
!=I
If we let z l ( t ) = z ( t ) -z i ( t ) and .(I)= x , ( t ) , then [z,(t -hi)+ z , (t -hi)]
(Ib) can be revnitten as
Note that the slow varying state z,(t) is almost constant with respect to the fast state z,(t). Therefore, we have z,(t)+ i , ( t ) 9 zl ( t ) . By virtue of (2b), the system (4) can be approximated by E?, ( I ) = t E i z , ( t -h i ) . 
( 5 )
,
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appropriate dimensions, E, is assumed to be Hunuitz, ho = 0 , and h, , i E g , are non-negative numbers, and r is the maximum of h, , i E z. The positive scalar E in (Ib) is a small parameter, which often occnrs naturally due to the presence of small parameters in various physical systems.
Similar to the derivation of the singularly perturbed system [12], the slow neutral subsystem and the fast subsystem of the nominal two-time-scale neutral system (1) can be derived as follows.
By setting E = 0 , the slow neutral subsystem of ( I ) is It is a common practice to investigate the asymptotic stability of the nominal two-time-scale neutral system (1) by establishing that of the corresponding slow neutral subsystem (2) and the fast subsystem (5). Before proceeding, three lemmas are given in the following. 
r(s)= [SI -E(s)]-'[A(s)+ C(s)-B(s)E-'(s)D(s)-E(s)]. (lob)
Proof: (a) Using (3b) yields 
Stability criteria
In this section, we will consider the robust stability problem of uncertain two-time-scale neutral systems with multiple non-commensurate time delays. Consider the following uncertain two-time-scale neutral system with multiple time delays:
By setting E = 0 , the uncertain slow neutral subsystem of (13) 
This proves Remark 2 According to (Isa), it is obvious that if Ei'(s1 H,(s)€Fc. , then the uncertain slow neutral subsystem (14) is asymptotically stable. Remark 3 It is the purpose of this paper to estimate an upper bound E ' , called a stability bound, if the system (13) is asymptotically stable for any E E (0, E ' ) .
Taking the Laplace transform of(13) and using (ISb), we obtain
Z(s)= [trl-E,(s)]-'D,(s)X(s)+[ETI -Eb(s)]-Ia(0), (16)
Moreover, we have [sI-E(s)]-' E Fc. in view of (9).
X ( s ) =~( s ) r ( 0 ) +~( s ) B A ( s & I -E E b ( s ) ]~~a ( O ) ,
(17a) where Ad(s)-C,(s)-B,(s).[aI-E,(s) ]-'DA(s)rl. 
i=O Taking H , -norm of both sides of (11) and using (12), we have
By the fact [20] that llAEfe-h,511 =llAEill,, (IS), and (20) 
On the other hand, (32) can be rewritten as
In view of (40), (48) in view of (44). Therefore, from (45b) and (48) conclude that the uncertain two-time-scale neutral system (13) is asymptotically stable in view of (16) and (17a).
[ESr-E,(s)f' = -E , ' (~) + E F E~' (~X C S I --E~(~) ]~' . (35)
Q
Conclusions
In this paper, the robust asymptotic stability for a class of uncertain two-time-scale multiple time-delay neutral systems has been investigated. A lemma has been proposed to guarantee the asymptotic stability of the slow neutral subsystem and the fast subsystem of the nominal two-time-scale neutral system (I). Two lemmas have been presented to guarantee the asymptotic stability of the slow neutral subsystem and the fast subsystem of the uncertain two-time-scale neutral system (13) . Moreover, a delay-dependent criterion has also been presented to ensure the asymptotic stability of the uncertain system (13) . Furthermore, an estimate of the stability hound E' has been proposed such that the uncertain two-time-scale neutral system (13) is asymptotically stable for any
